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In  previous  publications,  Smith,  Warner,  and  Brinkhous  (1,  2) 
have  noted  a  profound  fall  in  plasma  prothrombin  in  dogs  having 
chloroform  or phosphorus  intoxication.  The  fall  corresponds  fairly 
closely to the degree of liver injury,  and the prothrombin  returns  to 
normal  as  the  liver  regenerates.  This  evidence  indicates  that  the 
liver  plays  an  essential  rSle  in  the  manufacture  of  prothrombin. 
Further  support for this  conclusion is obtained by experiments pre- 
sented  at  this  time,  showing  that  partial  hepatectomy  in  rats  also 
causes  lowering  of  the  plasma  prothrombin  level.  The  degree  of 
lowering is somewhat variable from rat to rat, but in many instances 
the  prothrombin  falls  to  very low levels  during  the  first  24  hours 
after  operation.  The  prothrombin  level  returns  to  normal  in  the 
period required for restoration  of the liver to normal weight. 
Metkods 
Albino rats were used in all cases.  Throughout the experiment they were kept 
on a  diet of dog chow.  x  Rats in three  different age groups were used.  The 
youngest rats ranged in weight from 90 to 100 gin., the next group from 150 to 
200 gin., and the oldest from 250 to 400 gm.  The results obtained in the three 
different groups were essentially the same.  Under ether anesthesia the liver was 
exposed and the large median lobe and the left lateral lobe were removed by the 
technique of I-Iiggins and Anderson (3).  It is estimated that about 60 per cent 
of the liver was excised in these animals.  In addition, the right lateral lobe was 
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partially removed in a few cases, leaving intact only the Spigelian lobe and the 
stumps of the other lobes.  In these cases only about 25 per cent of the liver was 
left behind.  Prothrombin analyses were made by the method developed in this 
laboratory (1, 2).  Blood for the analyses was drawn from the jugular vein into a 
1 cc. syringe containing isotonic potassium oxalate.  To avoid making the rats 
anemic, the individual animals were bled infrequently, but at intervals designed 
to  cover  the  entire  recovery  period.  Fibrinogen  determinations  were  made 
according to the technique of Jones and Smith (4) on a number of the rats post- 
operatively. 
EXPEI~  TM~.NTAL RESULTS 
The  postoperative  prothrombin  values  obtained  in  39  rats  are 
shown in Table I.  The prothrombin values are tabulated in per cent 
of normal.  In the first 9  rats  shown in  this  table,  approximately 
75 per cent of the liver was removed; in the other experiments only 
60  per  cent.  In  both  groups  the prothrombin  commonly fails  to 
30 to 40 per cent of normal within the first 24 hours.  However, with 
the more drastic operation the level sometimes falls to less  than 30 
per cent, and in the milder operation many of the animals maintained 
levels of 70 per cent or more.  On removal of 75 per cent of the liver, 
a number of animals died within 24 hours after operation.  Autopsy 
in  this  group  occasionally  showed  massive  hemorrhage  into  the 
peritoneal cavity or into the tissues adjacent to the incision.  Evi- 
dently, removal of this amount of liver at times permits the plasma 
prothrombin  to  fall  to  critical  levels.  No  evidence  of  excessive 
hemorrhage was encountered in the animals in which only 60 per cent 
of the liver was removed. 
The fall in prothrombin appears to reach its maximum within 24 
hours.  Blood samples following removal of liver tissue drawn within 
the first hour showed little or no fall.  At the end of 6 hours the fall 
is often maximal.  No doubt the formation of fibrinous exudate at 
the Site of operation increases the consumption of prothrombin beyond 
normal  limits,  thus  accelerating  the  decline.  The  normal  intact 
liver is able to meet such demands, for in several control experiments 
simple  laparotomy was  performed and  after  some  trauma  to  the 
peritoneal surfaces the incision was sutured in the usual way.  The 
amount of exudate formed was almost as much as in  the ablation 
experiments, yet the prothrombin showed no fall whatever.  In sev- 
eral control experiments pieces of fresh rat liver were placed in the z.  D.  WAR~rE~  833 
TABLE  I 
Plasma Prothrombln Following Partial Hepatectomy 
Prothrombln (per cent of normal) at intervals following helmtectomy 
Rat No. 
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peritoneal cavity to serve as a  control for the autolyzed bits of liver 
tissue  left  at  the  stumps of  resected lobes  in  the  hepatectomized 
animals.  These animals likewise showed no fall in plasma prothrom- 
bin at any time. 
The return of prothrombin toward normal levels is manifest within 
3 to 6 days, but as a  rule is not  complete until  10 days to 3 weeks 
have  elapsed.  Exudate  formation  subsides  long  before  the  pro- 
thrombin reaches normal values.  The subnormal values are thus to 
be  correlated  with  defective production of  prothrombin,  not  with 
excessive utilization.  It cannot be denied that trauma to the residual 
liver  may  decrease  its  functional capacity  for  a  period of  several 
days:  We believe, however, that the actual loss of liver substance 
is  mainly responsible for  the  deficient production of  prothrombin. 
Our experiments are in accord with the work of Higgins and Anderson 
(3)  which showed that  10  days to  3  weeks must elapse before the 
liver has returned completely to normal size.  This period corresponds 
with the period of subnormal prothrombin production. 
These liver ablation experiments support our work on chloroform 
intoxication (1, 2).  In both cases an observable defect in liver tissue 
is associated with a  marked fall in plasma prothrombin.  It is con- 
ceivable  that  chloroform may  injure  other  organs,  though all  in- 
vestigators  agree  that  the  liver  lesions  are  the  only  conspicuous 
lesions.  The ablation experiments offer no injury to  other organs. 
It is thus necessary to conclude that the liver is vitally concerned in 
the manufacture of prothrombin. 
The fibrinogen values obtained on a number of rats postoperatively 
were all normal or above normal  This indicates that the reduction 
in liver function, although sufficient to result in a  decrease in pro- 
thrombin, was not sufficient to reduce the fibrinogen.  Evidently the 
reserve capacity for prothrombin manufacture is less than in the case 
of fibrinogen.  This is in accord with experiments from this laboratory 
(2)  which show that mild chloroform injury in dogs produces a  fall 
in plasma prothrombin, but not in plasma fibrinogen. 
SU~&RY 
Extirpation of a large portion of the liver in rats results in a marked 
decrease in the plasma prothrombin.  The plasma prothrombin level E.  D.  WAS  l~R  835 
gradually returns to normal during the period required for restoration 
of  the  liver  to  its  normal  weight.  The  decrease  in  prothrombin 
incident to partial hepatectomy supports the thesis that the liver is 
concerned in the manufacture of plasma prothrombin. 
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